In recent years, secondary salinization has become a major environmental factor that limits 55 yield and quality of vegetable crops in protected cultivation of China. Salt stress can induce 56 ionic toxicity and osmotic stress, which result in the damage to biological macromolecules 57 and interfer with metabolisms in plant cells (Munns and Tester, 2008; Yan et al., 2015) .
58
Photosynthesis fuels plant growth, but it is sensitive to salt stress, by virtue of this correlation, 59 photosynthetic capacity is thought to be an important criterion for diagnosing plant 60 adaptability to salinity (Kalaji et al., 2011) .
61
In the process of plants evolution, the photosynthetic thylakoid membrane system has 62 evolved several regulation mechanisms enabling them to adapt to stress condition 63 (Takabayashi et al., 2009 day/night temperature were set as 28/18℃ with ~ 65 ± 5 % relative humidity. The seedlings 130 were grown hydroponically with half-strength Yamazaki soilless culture nutrient solution for 131 cucumber (pH 6.2 ± 0.1, EC 1.0-1.2). When the third leaves were fully expanded, the 132 seedlings were treated as follows: (1) Cont, control, plants were grown in normal condition;
133
(2) Put, normal growth plants were sprayed with 8 mM Put on leaves; (3) NaCl, plants were 134 treated with 90 mM NaCl in nutrient solution; (4) NaCl + Put, salt stressed plants were 135 sprayed with 8 mM NaCl on leaves. Put was sprayed 60 min before the light turned on every 136 day. The third fully expanded leaves (from the top) were sampled after treatment for 7 days 137 and immediately frozen in liquid nitrogen.
138
Gas-exchange measurements 6 Gas-exchange parameters were measured using a portable photosynthesis system 140 LI-COR Inc, USA) as described by Shu et al (Shu et al., 2013 The post-illumination transient increase in Chl fluorescence was determined as previously 157 described (Shikanai et al., 1998 39.96% respectively compared with that in control plants (Fig. S1 ). In contrast, exogenous 203 Put significantly promoted plant growth in comparison to NaCl-only treated plants (Fig. 204 S1A-C). This trend can also be seen from the data of gas-exchange parameter in Fig. 1B Cont, Put, NaCl, NaCl + Put respectively (Fig.5B ). In addition, the oxidation rate of P700 had 297 a stepwise increase from Cont to NaCl + Put (Fig. 4C ). The t 1/2 of P700 oxidation was 2.18, 298 2.20, 2.34, 2.61s in Cont, Put, NaCl, NaCl + Put respectively (Fig. 4D) production, but also due to the depressed RCA (rubisco activase) activity (Fig. 7D) (Demetriou et al., 2007; Mehta et al., 2010) , whereas other studies demonstrated a high 369 salt-resistance of PSII (Lu et al., 2003; Yan et al., 2015) . In this study, 90 mM NaCl was no 370 effect on Fv/Fm ( Fig. 2A) , which was in accordance with previously study (Chen et al., 2013), 371 and the Y(II) of salt stressed cucumber leaves relaxed efficiently after light turned off, 372 although it was significantly lower than other treatments in the light-induce phase (Fig. S2 ).
373
Furthermore, the Y(NO) didn't change after salt stress. These results suggested that 90mM 374 NaCl stress would not cause an irreversible damage on PSII, which was consistent with the 14 changeless of chlorophyll content (Fig. S1D) , and the excess excited energy that can not be 376 utilized was consumed by non-photochemical quenching ( Fig. 2A , E, F) to protect PSII from 377 photodamge.
378
In contrast to PSII, few studies focused on how salt stress influences PSI capacity in plants. 379 The electron flow from PSII is essential for PSI photoinhibition, if electrons are blocked 380 before PSI, PSI photoinhibition can be supressed and it is helpful for PSI recovery (Zhang et 381 al., 2011) . Unfortunately, PSII was not efficiently inhibited in our study, excess electrons 382 rushed into PSI, resulting to over-reducing in the accept side of PSI (Fig. 7C ) and the active of 383 P700 was seriously impaired (Fig. 3) . Nevertheless, the salt-influence of P700 was not 384 irreversible, when MV accepted electrons from P700, the oxidizable P700 activity was 385 recovered (Fig. S4 ).
386
Taken together, these results indicated that 90 mM NaCl was not acutely harmful to PSII 387 and PSI, it would inhibit the activity of the two photosystems, but not damage them.
388

Exogenous Put induces a stronger CEF under salt stress
389
The results showed that NaCl stress compelled the leaves to drive a high level of CEF (Fig. 4 recovery, that means more active P700 can participate in CEF (Fig. 3) without considering 400 over-acidification in lumen. Therefore, CEF induction mechanism in treatment NaCl + Put 401 basically benefits from buffering character of Put.
402
Enhanced CEF promotes ATP production 403 In return, increased level of CEF supplied more ATP for CO 2 assimilation in NaCl + Put (Fig.   404 7A). Inhibition of CO 2 assimilation by stresses leads to over-reduction of electron transport 15 chain indirectly, increasing reduction level of intersystem electron transporter promotes CEF 406 around PSI (Suorsa et al., 2015) . Indeed, salt stressed leaves had a higher redox state of PQ 407 pool (represented by 1-qP, Fig. 2D ) and was over-reduced in PSI acceptor side (Fig. 7C) , 408 which was able to be an important factor to induce a higher CEF in NaCl stressed leaves ( Fig.   409 4, 5). Additionally, ATP content is also a regulatory factor for interconversion between LEF 410 and CEF. Salt stressed leaves with a lower light-induced ATP content (Fig. 7A) If the flow of electrons through the electron transport chain exceeds the capacity of 423 metabolism to consume the reductant production, then potentially harmful side reactions are 424 liable to occur (Hald et al., 2008) . The best characterised regulatory mechanism for limiting 425 damage is non photochemical quenching (NPQ) (Li et al., 2000; Pascal et al., 2005) .
426
According to relaxation kinetics in darkness following a period of illumination, the 427 energy-dependent non-photochemical quenching (qE) is the major and most rapid component 428 of NPQ in plants ( Fig. 2F ; (Horton and Hague, 1988) . Generation of qE requires the build-up 429 of trans-membrane Δ pH, which in the chloroplast is mainly induced by electron transport 430 chain (including LEF and CEF) (Aihara et al., 2016; Sun et al., 2017 normal growth ( Fig. 1 and S1 ); High level of CEF is driven to produce extra ATP for PSI 448 repair and CO 2 fixation, and it plays a buffer role in PSI accepter side (Fig. 9) .
449
In conclusion, 90 mM NaCl caused photoinhibition of both photosystems, CEF is induced . Model for putrescine inducing photoprotection in cucumber leaves under salt stress. Exogenous putrescine reduces ΔpH across thylakoid membrane to avoid over-acidification in lumen, accordingly decreased nonphotochemical quenching. In addition, ATP synthesis is accelerated by Put. The lower ΔpH and higher content of ATP are crucial for strengtherning CEF to enhance photoprotection.
